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The biological world is divided into three Domains; the Archaea, Bacteria and 
Eukaryotes (1, 2). The Archaea and Bacteria are similar in morphology and gene 
organization. They are also both single-celled prokaryotes, but they are evolutionarily 
distinct, with the Archaea more closely related to the Eukaryotes than are Bacteria (1, 2, 
3). Consistent with this, the Archaea and Eukaryotes have many molecular features in 
common that differ from their bacterial counterparts, most notably transcriptional and 
translational machinery (3, 4). With this in mind, the Archaea have been exploited as 
relatively simple model systems to study DNA replication, transcription (RNA synthesis) 
and translation (protein synthesis) (5, 6, 7, 8, 9). In addition, as many Archaea inhabit 
extreme environments, they are also attractive research systems to investigate 
extremophile-life and as sources of unusually stable enzymes that may be developed as 
catalysts in industrial biotechnologies for “green” chemistry (10, 11).	  
Research on the extremophile Archaea has, however, been limited by the 
difficulty of their laboratory cultivation and, before the discovery in 2003 that 
Thermococcus kodakarensis is naturally competent for DNA uptake and in vivo 
recombination (12), by a lack of available genetics tools. It is a strictly anaerobic 
Archaeon that grows optimally at 85°C. T. kodakarensis was isolated from solfatara on 
the shore of Kodakara Island in Kasoshima, Japan (13). Many hyperthermophilic related 
members of the Thermococcales genus have since been isolated from a variety of 
geothermal environments (14). The Thermococcales are abundant and apparently 
contribute substantially to the ecology and metabolic activities within many high 
temperature ecosystems (15). Based on their genome sequences, they also have many 
molecular biology features in common with Eukaryotes (3, 4). Research investigations of 
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the Thermococcales will add to knowledge of hyperthermophilicity, metabolism in 
extremophile environments and to basic gene expression mechanisms in both the archaeal 
and eukaryotic domains.	  
Since the discovery that T. kodakarensis can be genetically manipulated, this 
species has been developed as the predominant model system for archaeal research (14). 
Plasmids, designated shuttle vectors, have been constructed that replicate and express 
genes in both E. coli and T. kodakarensis (16, 17). Dr. Reeve's research group is currently 
deleting every non-essential gene individually from the T. kodakarensis genome to 
establish an approximately 2,300-strain gene library. However, a more in-depth 
understanding of the archaeal genome necessitates more complex genetic tools, 
particularly for a simple reporter-system. Reporter gene systems are integral tools in 
molecular biology to detect and quantify gene function and regulation. There is a reporter 
system in place for T. kodakarensis, however, it is laborious and its function is limited 
(17). Furthermore, most commonly used reporter systems employ a fluorescent or 
luminous protein, such as green fluorescent protein (GFP), to report the strength of gene 
expression. These proteins typically originate from mesophilic species and, unfortunately, 
they are unstable at high temperatures. In addition, they require oxygen to function, and 
so cannot be used as reporters for gene expression in any hyperthermophile and/or 
anaerobe, including T. kodakarensis. The goal of my project is to construct a reporter 
system that is thermostable and functions in anaerobically growing T. kodakarensis. 	  
Background	  
The goal of this project is to develop a versatile reporter system for T. 
	   Zwick 3 
kodakarensis patterned on a reporter system developed and commercialized by New 
England BioLabs (NEB) called the SNAP-tag system (18). This reporter system employs 
a derivative of a human DNA-repair enzyme, O6- methylguanine-DNA methyltransferase 
(MGMT).  MGMT belongs to the family of O6 alkylguanine alkyltransferases, and reacts 
with O6-methylated guanine nucleotides to remove the methyl group at the O6 position 
and release the repaired guanine nucleotide back into the system (19). In this reaction, the 
methyl group is transferred and permanently attached to the MGMT protein, thus 
inactivating MGMT’s enzymatic activity (19).  O6-methylated guanine nucleotides pair 
erroneously with thymine nucleotides, causing a G:C à A:T transitional mutation in 
DNA.	  
Multiple methylguanine analogs are commercially available from NEB, making 
this MGMT- based reporter system highly versatile. Amongst other analogs like 
biotinylated methylguanine, a broadly used affinity tag in molecular biology, this 
includes a variety of fluorescent probes with different photochemical properties. When 
supplied to cells synthesizing the MGMT protein, these analogues are bound by MGMT 
and permanently attached to the MGMT protein, thus making the MGMT protein 
quantifiable by its fluorescence. By standard genetic engineering, the gene encoding 
MGMT can be positioned as needed downstream of any expression genetic element being 
assayed, or can be fused in-frame to any protein whose expression is being directly 
investigated.	  
Project Objectives	  
 The T. kodakarensis genome has a gene, designated TK1971, which encodes an 
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enzyme very closely related to the human MGMT protein (figure 1). The goal of this 
project is to develop this enzyme, designated TK-MGMT, and demonstrate its 
functionality as a versatile and thermostable reporter for use in T. kodakarensis. Based on 
the homology between the human enzyme and TK-MGMT, it was expected that TK-
MGMT would also bind the commercially available reporter substrates from NEB, 
including methylguanine analogs with fluorophore at the O6 position. The available 
fluorophores do not require oxygen to fluoresce and are chemically stable at 85°C, the T. 
kodakarensis optimal growth temperatures. When established, the TK-MGMT reporter 
system will be available to archaeal researchers to measure archaeal promoter strengths, 
to quantify protein expression, and to observe protein localization in vivo within 
Thermococcales cells. 
 
 The crystal structure of the Tk-MGMT protein is available, and has been 
demonstrated to be significantly more thermostable than its mesophilic counterpart due to 
Figure 1. Clustalw alignment comparing the TK-MGMT protein (TK-MGMT_TK1971_) with the human MGMT 
protein (hAGT_SNAP-basis) utilized by NEB for the SNAP-tag system.  The mutations introduced into the TK-
MGMT protein (Introduced muts) are highlighted above the human MGMT amino acid sequence. Mutations that 
increased hHGT activity with benzylguanine (27) are highlighted in yellow.  Mutations that further increase hHGT 
activity with benzylguanine (28) are highlighted in blue.  Mutations that decrease the enzyme’s affinity for DNA 
(29, 30) are highlighted in pink.  Amino acids highlighted in gray indicate amino acid changes that decreased wild-
type human MGMT’s sensitivity to N9-benzylguanine derivatives.  A Proline essential for protein activity at the 
MGMT catalytic site is highlighted in red.  Amino acids in bold indicate amino acids not found in the TK-MGMT 
protein, but are present in the human MGMT protein.   
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the intra-helical ion-pairs on the interior of its structure (21, 22).  The MGMT protein has 
been demonstrated to have an important role in DNA repair in thermophilic archaea 
Solfolobus solfataricus, as well as fluorescently active with the same methylated guanine 
analogs utilized by NEB for the SNAP-tag reporter system in vivo in E. coli (23, 24).   
Materials and Methods 
Southern blot analysis 
Southern blot analysis was carried out according the protocol outlined in 
Santangelo et al. 2007.  Genomic DNA from T. kodakarensis strains TS559 and DJA7 
was digested with New England BioLabs restriction enzymes EcoRV and XhoI and 
incubated with various DNA probes specific to the region surrounding the TK1971gene 
(figure 3).  Bands were detected using a chromogenic detection method, using a Thermo 
ScientificTM PierceTM ECL 2 Western Blotting Substrate according to manufacturer 
instructions. 
 TK1971 Mutation Introduction	  
The mutations outlined in figure 1 were introduced on a pUC19-based plasmid 
containing the TK1971 construct (pDJ25, figure 4) using a QuikChange Lightning kit 
according to manufacturer instructions, or an inverse PCR strategy.  The inverse PCR 
strategy utilized primers with a 3’ overhang containing the desired nucleotide changes to 
amplify the plasmid, resulting in a linear product in which the mutated TK1971 gene was 
split into halves on either end of the pUC19 plasmid.  This inverse PCR strategy also 
introduced an N-terminal NotI and C-terminal SalI restriction site on the TK1971 gene. 
The PCR product was ligated back together to create a circular plasmid with intact, 
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mutated TK1971.  The mutations listed in figure 1 were introduced both singly and in 
combination into TK1971.  The presence of the desired mutations in TK1971 was 
confirmed with sequencing. 
The mutated versions of TK1971 were cut out of the pUC19 backbone using NEB 
restriction enzymes NotI/SalI and ligated into shuttle vector pTS543, which is capable of 
replicating in both E. coli and T. kodakarensis.  Restriction enzyme digests were carried 
out according to NEB protocol.  Ligation was carried out using T4 DNA Ligase, 
according to NEB protocol.	  
 The pTS543 shuttle vectors with TK1971 inserts were then transformed into T. 
kodakarensis strain DJA7 according to transformation protocol outlined in Santangelo et 
al. 2010.  Successful transformants were confirmed with PCR amplification off the 
pTS543 plasmid.  Once successfully transformed into T. koakarensis, strength of TK1971 
expression as well as its ability to remove and bind tagged methyl groups from 
methylguanine analogs was measured using confocal scanning laser microscopy (CSLM).    
  
Confocal Scanning Laser Microscopy 
Samples of T. kodakarensis for CSLM were prepared and images were taken by 
Dr. Dominik Jäger.  To prepare samples of T. kodakarensis cells for observation with 
Table 1. Table detailing the strains of T. kodakarensis used in this project. 
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CSLM, T. kodakarensis was grown overnight in 20mL of rich media (ASW-YT+Pyr or 
ASW-YT+S medium).  ASW-YT+Pyr medium was composed of artificial seawater (0.8× 
ASW), yeast extract (5.0 g/L), tryptone (5.0 g/L), and pyruvate (5.0g/L).   ASW-YT+S0 
medium was composed of artificial seawater (0.8× ASW), yeast extract (5.0 g/L), 
tryptone (5.0 g/L), and sulfur (2.0g/L). Though both ASW-YT+Pyr and ASW-YT+S0 
media can be used, ASW-YT+Pyr was preferred because the ASW-YT+S0 media 
required the elemental sulfur to be filtered out during sample preparation. The OD600 of 
the cultures was measured using a Bio-Rad spectrophotometer.  The cultures were 
brought into am anaerobic chamber and either 0.1 or 0.2 OD600 of cells were spun down 
at 6000rpm for 2 minutes.  The supernatant was removed and the cell pellet was re-
suspended in labeling media and transferred to an amber-orange 1.7uL microcentrifuge 
tube to limit the media’s exposure to light.  The composition of the media depended on 
the OD600 of T. kodakarensis cells spun down.  For 0.2 OD600, the cells were re-
suspended in 1.0ul of SNAP-Cell TMR-Star with 1.0ul BSA and 198uL complemented 
ASW-YT+Pyr.  For 0.1 OD600, the cells were re-suspended in 0.5ul of SNAP-Cell TMR-
Star with 1.0ul BSA and 198.5uL complemented ASW-YT+Pyr.  The final concentration 
of SNAP-Cell TMR-Star  in both compositions was 5 µM.	  
 The re-suspended samples were incubated for 1 hour at 85°C, and then spun 
down again at 6000rpm for 5 minutes.  The supernatant was removed and the cells were 
re-suspended in 1.0mL of complemented ASW-YT+Pyr, spun down again at 6000rpm 
for 2 minutes and re-suspended in 1.0mL complemented ASW-YT+Pyr.  This step was 
repeated five times to wash the cells.  Two drops of NucBlue Live Ready-Probes Reagent 
(Hoechst 33342 DNA stain) were added to each resuspension and the cells were 
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incubated for 30 minutes at 85°C, spun down, and re-washed twice as previously 
described.  The cell pellets were re-suspended in 50-100uL ASW-YT+Pyr or 150-200uL 
ASW-YT+Pyr for 0.1 and 0.2 OD600 of cells, respectively.  These cells were kept in an 
anaerobic chamber on ice until they were prepared on microscope slides for CSLM.  	  
Polylysine microscope slides were prepared in a darkened room under aerobic 
conditions.  Samples were kept on ice for as long as possible.  The samples were briefly 
mixed with pipetting immediately before 2.0uL of each sample was pipetted onto its 
respective microscope slide.  The samples were covered with a glass cover and cemented 
to the slide using clear nail polish.  The slides were kept out of the light until observation 
und a confocal scanning laser microscope.   
Western blot analysis 
Western blot analysis was carried out according to the protocol described in 
Santangelo et al. 2013.  For the biotinylated methylguanine analog Western blot analysis, 
as primary antibody a mouse anti-Biotin antibody (Bethyl Laboratories) was used in a 
1:6000 dilution.  Detection of bands was carried out with an anti-mouse-HRP 
(horseradish peroxidase) secondary antibody.  
Research and Progress 
 Markerless deletion of TK1971 
 In order to decrease background TK-MGMT activity, the native copy of TK1971 
was deleted from the T. kodakarensis genome using a standard double recombination 
strategy utilized by the Reeve Lab in order to generate the T. kodakarensis deletion 
library (figure 2). The resulting deletion strain, Δ1971, was designated DJA7 (Table 1). 
The TK1971 deletion from T. kodakarensis strain TS559 was confirmed with PCR and 
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Southern blot analysis (figure 3B, 3C). 
 
Figure 3. (A) T. kodakarensis strain TS559, with genes TK1970, TK1971, and TK1972 shown.  Primers used 
for PCR analysis (labeled 1-8) are shown above genes. (B) PCR to confirm TK1971 deletion.  Samples were 
separated on a 1.0% agarose gel with electrophoresis and stained with ethidium bromide.  Smaller DNA sizes in 
strain DJA7 indicate the TK1971 gene, which is around 1kb, has been successfully deleted. (C) Southern blot 
analysis to confirm deletion of gene TK1971 in strain DJA7.  gDNA from strains TS559 and DJA7, as well as a 
control, was digested with EcoRV and XhoI.  Fragments were separated using electrophoresis with a 0.75% 
agarose gel, denatured, and transferred to a Zeta-Probe membrane (Bio-Rad).  The membrane was probed with 
DIG-labeled PCR products from primers 1 and 7.   
Figure 2. Markerless deletion of TK1971. The T. kodakarensis strain TS559 has two genes, TK0149 
and TK0664, that have been deleted from its genome. TK1971 (orange) is initially present in the T. 
kodakarensis genome. Homologous recombination between the T. kodakarensis genome and the 
TK1971 deletion construct (pDJ28) results in the integration into the host chromosome yielding in two 
potential agmatine-prototrophic intermediate strains. pDJ28 contains regions of homology to the genes 
surrounding the TK1971 gene, TK1970 and TK1972 (blue and green), and dependent on recombination 
responsible for excision upon 6-methylpurine selection, either the host genome is restored (bottom left) 
or the desired deletion (DJA7) is generated (bottom right). 
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Reporter Construct Creation 
 The TK1971 gene was fused to a strong, constitutive promoter (PhtmB) to increase 
TK1971 expression and fluorescent signal in the reporter system, as well as a multiple 
cloning site in order to facilitate in-frame protein fusion.  Multiple variations of this basic 
reporter construct exist.  Protein tags, including N and C-terminal hemagglutins (HA) 
tags and an N-terminal Histidine (6xHis) tag, were fused to the TK1971 gene, in order to 
facilitate Western blotting and protein purification (figure 4).  
  PCR-based mutagenesis and cloning of TK1971  derivatives  
 Based on research for the SNAP-tag system developed by NEB, a series of 
mutations into TK1971 that are suspected to increase TK-MGMT’s fluorescent activity 
as well as its affinity for the fluorescent methylguanine substrate were introduced using 
an inverse PCR strategy or site-directed mutagenesis on E. coli plasmid pUC19 (figure 
1). The TK1971 reporter constructs were cut and ligated into a plasmid backbone capable 
of replicating in T. kodakarensis (pTS543) using standard digestion and ligation 
protocols.  Once successfully cloned into plasmid pTS543, plasmids were transformed 
DJA7 (Table 1). 
  
Figure 4. A schematic depiction of the TK1971 
constructs in plasmid pTS543 are shown. TK1971 
has been fused to a strong promoter, PhtmB 
(constitutive) or Pmbx (sulfur-dependent) and a 
multiple cloning site (MCS), and was cloned in to a 
standard cloning vector (pUC19). The transcription 
start site is denoted with +1, and the translation 
start codon is indicated by ATG.  Some versions of 
the TK1971 reporter construct have an N or C 
terminal hemagglutins (HA) or histine (6xHis) tag, 
and one version has been fused to a 94 amino acid 
subunit of the T. kodakarensis RNA Polymerase 
(TK1167). See table 2 in supplementary figures. 	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Growth Curve Experiments 
To ensure the deletion of the native copy of TK1971 as well as the pTS543 based copy of 
the TK1971 gene did not interfere with normal T. kodakarensis growth, growth 
experiments on multiple strains of T. kodakarensis, TS559, DJA7, DJA8, and DJA9 
(Table 1), were run until the strains reached a stationary growth phase, typically between 
12 and 16 hours. Strains were grown in multiples of three, in both sulfur and pyruvate 
media.  The OD600 of the T. kodakarensis cultures were taken every hour using a Bio-Rad 
spectrophotometer.  The growth curve for all four strains indicate that neither deletion of 
the native copy of TK1971 nor the plasmid based TK1971 significantly affect T. 
kodakarensis growth (figure 5). 
 Western blot analysis 
 To confirm the presence of the TK-MGMT enzyme in T. kodakarensis, TK-
MGMT presence was visualized using Western blot experiments.  The presence of TK-
MGMT in T. kodakarensis strain DJA8 was detected using an anti-HA antibody, showing 
Figure 5. Growth behavior of selected T. kodakarensis strains in both pyruvate (left plot) and sulfur (right plot) 
media. Three strains of T. kodakarensis, TS559 (blue), DJA7 (Δ1971, orange), DJA8 (pDJ25, yellow), and DJA9 
(pDJ66, green).  T. kodakarensis strains were grown over the course of several hours. The optical density (OD600) 
of the culture was taken every hour using a spectrometer.  	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a protein at 22 kDa, the size of the TK-MGMT protein (figure 6A).  The deletion strain 
DJA7 was also tested with an anti-HA antibody, and no copies of the TK-MGMT protein 
appeared to be present (figure 6A).    
 Western blot analysis was also used to visualize the methyltransferase activity of 
TK-MGMT. As previously mentioned, multiple methylated guanine analogs are 
commercially available, including biotinylated methylguanine nucleotides.  The MGMT 
protein is tagged with a biotin molecule upon the addition of the biotinylated nucleotides. 
TK-MGMT was incubated with the biotinylated methylguanine analogs for increasingly 
long time periods, 30 minutes, 60 minutes, and 180 minutes.  Regardless of incubation 
time, TK-MGMT appeared to readily bind the biotinylated methyl group and showed a 
strong band at 22kDa (figure 6B).  The consistency in signal, regardless of incubation 
time,  could be because the methyltransferase reaction takes place quickly, and the TK-
MGMT sample is labeled with biotin after 30 minutes.  These results could also indicate 
that the substrate is the limiting factor in this methyltransferase reaction, and is depleted 
after 30 minutes.  
Figure 6.  (A) Anti-HA Western blot analysis. Increasing concentrations (5, 10, 25 ug) of crude cell lysates 
of DJA7 (∆TK1971) and DJA8 (DJA7 with pDJ25) were resolved on a 15% SDS-PAGE gel. The separated 
proteins were transferred to a PVDF membrane and probed with a rabbit antibody against the HA- epitope. 
Signal detection was performed using an anti-rabbit HRP (horseradish peroxidase) conjugate with ECL Plus 
as substrate.  The Western shows a band at 22kDa, the size of the TK-MGMT protein.  (B) Anti-biotin 
Western blot analysis. Strains DJA7, DJA8, and DJA9 were incubated with a biotinylated methylguanine 
analog for increasing time periods (30, 60, and 180 minutes, 25ug of crude cell lysate per lane) and the TK-
MGMT proteins were resolved on a 15% SDS-PAGE gel. The separated proteins were transferred to a 
PVDF membrane and probed with a rabbit antibody against biotinylated TK-MGMT. Signal detection was 
performed using an anti-rabbit HRP (horseradish peroxidase) conjugate with ECL Plus as substrate. 
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CSLM results 
The fluorescent activity of the reporter construct in vivo in T. kodakarensis was 
observed by introducing fluorescent methyguanine analogs into T. kodakarensis and 
observing the cells under a confocal scanning laser microscope. Multiple strains of T. 
kodakarensis have been observed thus far.   Here we focus primarily on strains TS559, 
DJA7, DJA8, and DJA9 (Table 1, figure 7).  CSLM images indicate that DJA8, which 
has a C-terminal HA-tag, is weakly and inconsistently fluorescently active.  Increasing 
the concentration of fluorescent substrate during incubation did not change the 
fluorescent signal, and gave images with a high level of background fluorescence.  Thus 
far, the TK1971 construct without any additional mutations or tags (DJA9) is the only 
construct that has shown consistently detectable fluorescence (figure 7).  The fluorescent 
activity for this construct is easily detectable and reproducible. These results, in 
conjunction with the biotin Western blot results, indicate that TK-MGMT is binding 
specifically to the introduced methylguanine analogs.  Ideally, the fluorescent signal 
would be stronger for TK1971’s use as a reporter construct.  The consistent fluorescence 
in strain DJA9 is promising for its use as a reporter gene system, particularly to monitor 
the strength of cis-regulatory elements.   
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Current Studies  
 Current experiments focus on fusing a small portion of the RNA polymerase 
protein (TK1167), designated rpoL, within the reading frame of the TK-MGMT protein 
in order to examine the strength of the reporter system for protein localization 
Figure 7. Microscopic analysis of selected T. kodakarensis strains 0.1 OD600 of T. kodakarensis cells were 
incubated in complemented ASW-YT medium containing 5 µM of TMR-Star for 1 h at 85°C. The cells were 
washed six times with ASW-YT and resuspended in 1 ml of medium containing 5 µM of Hoechst 33342, followed 
by a 30 min incubation at at 85°C. The cells were washed twice with 0.8x ASW and subjected to microscopic 
analysis using a Olympus FV1000 confocal laser scanning microscope (CLSM). Images were recorded using the 
Argon tube laser (458, 488, 515 nm) for the Hoechst 33342 and the HeNe laser (543 nm) for TMR-Star detection 
with a 60x oil immersion objective and 3x digital zoom. Differential interference contrast (DIC) was used to 
capture unlabeled cells. All images were acquired at identical microscopic settings.  	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experiments.  To date, the rpoL fragment has been fused within the reading frame of the 
TK1971 construct, both with and without the C-terminal HA-tag.  This TK1971:rpoL 
fusion has yet to be ligated into the pTS543 shuttle vector capable of replicating in T. 
kodakrensis.  Future experiments will focus on transforming this construct into T. 
kodakarensis and quantifying the fluorescent activity of the TK-MGMT:rpoL fusion 
using CSLM.  Additionally, there are TK1971 reporter constructs that have yet to be 
introduced and examined in T. kodakarensis.  Future experiments will focus on 
introducing every variant of the reporter construct into T. kodakarensis and observing its 
fluorescent activity using CSLM.  It is also possible that there are mutations not 
described in the literature that could significantly enhance the fluorescent activity of the 
TK-MGMT protein.  A potential future experiment could focus on random mutagenesis 
of the TK1971 gene using error-prone PCR, and look for fluorescently active mutant cells 
after incubation with fluorescent methylguanine analogs.  Fluorescence Activated Cell-
Sorting allows for individual cells in a sample to be sorted out according to strength of 
fluorescent signal, so that the mutants that were the most fluorescently active could be 
isolated, and further examined.   
Because the MGMT protein is a DNA repair enzyme, it stands to reason that TK-
MGMT production could be quantified measuring T. kodakarensis’ response to DNA 
damaging agents. Multiple strains T. kodakarensis, both with and without the TK-MGMT 
based reporter system, could be exposed to DNA damaging agents that methylate 
specifically guanine nucleotides at the O6 position.  Cells with abundant levels of TK-
MGMT should recover quickly after being exposed to the DNA methylating agents 
because the MGMT protein specifically repairs guanine nucleotides that have a methyl 
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group at the O6 position. Quantifying TK-MGMT’s response to DNA damaging agents 
could provide valuable insight into the amount of TK-MGMT being produced in T. 
kodakarensis and the efficiency of its enzymatic activity. 
Conclusion	  
 The version of the TK1971 reporter gene system without any additional mutations 
and without an N or C-terminal tag, DJA9, has shown the most fluorescent activity after 
being incubated with the fluorescent methylguanine analogs.  The addition of a C-
terminal HA-tag corresponds to a significant decrease is fluorescent signal (figure 7).  
The enzymatic activity of reporter construct pDJ74, which contains an N-terminal HA-
tag, has also been examined with CSLM after being incubated with fluorescent 
methylguanine analogs, with similar results.  At first glance, this does not bode well for 
TK-MGMT’s use as a reporter enzyme.  The HA-tag is only nine amino acids long, and 
based on CSLM results, appears to significantly interfere with the structure of the TK-
MGMT protein and inhibit its enzymatic activity.  The addition of the HA-tag could 
interfere with the TK-MGMT enzyme’s ability to fold properly after it is translated, thus 
interfering with TK-MGMT’s catalytic site for the methyltransferase reaction.  It is 
possible that the HA-tag is masking the effects of the mutations that have been introduced 
into TK1971 in order to increase TK-MGMT’s fluorescent activity.  Reporter construct 
pDJ79 has an N-terminal Histidine (6xHis) tag.  Future experiments will focus on this 
construct’s ability to bind and remove methylguanine analogs, to see if TK-MGMT is 
active when attached to a different small protein tag. 
 In order to be useful for protein localization experiments, the TK-MGMT enzyme 
needs to be functional when it is fused with much larger proteins.  Future experiments 
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focus on the activity of TK-MGMT when it is fused to a larger protein, a subunit of the T. 
kodakarensis RNA Polymerase (TK1167).  These experiments will likely examine the 
effects of fusing a protein of interest to both the N and C-terminal of the TK-MGMT 
enzyme.  Future experiments should also focus on the use of the TK-MGMT reporter 
gene system to observe promoter strength by exchanging the PhtmB promoter for a 
different promoter of choice and comparing the strength of the resulting fluorescent TK-
MGMT signal to the original construct.   
 Western blot analysis detecting the presence of biotinylated TK-MGMT (figure 
6B) demonstrate that the TK-MGMT enzyme present in strain DJA9 is active and 
capable of successfully removing and permanently binding tagged methyl groups from 
methylated guanine analogs. These results correlate well with the CSLM imaging results 
(figure 7), suggesting that the microscopy results are due to legitimate and specific TK-
MGMT binding. This specificity of binding and strength and consistency of fluorescent 
signal in this TK1971 construct shows significant promise for use as a reporter system. 
 The fluorescent signal from the DJA9 reporter construct is consistently visible 
with CSLM, and the strength of the signal is reproducible.  It has potential to be useful 
for studies on promoter strength, and potentially protein localization.  However, there are 
also combinations of mutations introduced into the TK1971 gene that have yet to be 
observed with CSLM.  Any one of these mutations or combinations of mutations has the 
potential to be more active with the fluorescent methylguanine analogs than the basic 
DJA9 construct, but they have yet to be examined in vivo in T. kodakarensis. Once in 
place, the TK1971 based reporter gene system will serve as an indispensible tool to 
visualize gene expression as well as protein localization in T. kodakarensis and other 
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hyperthermophilic microorganisms. 
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Supplementary figures 
 
 
Figure S1. A more detailed depiction of the TK1971 reporter constructs, with restriction enzyme cut sites, BRE 
and TATA boxes, the ribosomal binding site (RBS), translation start site (TLS), and the master regulatory gene for 
sulfur metabolism in T. kodakarensis (SurR box) highlighted and labeled. 
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